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INVESTIGATION OF INTERFERENCE LIFT, DRAG, AND PITCHING
MOMENT OF A SERIES OF TRIANGULAR WING AND BODY
COMBINATIONS AT A MACH NUMEER OF 1.62 -

By Donald E. Coletti
SUMMARY

An investigation was made at a Mach number of 1.62 of a series of
triangular wing and body combinations to determine the interference 1lift,
drag, and piltching moment. -

The models consisted of a series of seven flat-plate triangular
wings of varying scale in combination with a body of fineness ratio 10.27.
Four wings had half-apex angles of %0° while the remaining three had
half-spex angles of 45°,

The results of the investigation indicated that interference between
the wing and body gave an increase in 1ift over that of a wing and a body
alone but at the expense of more drag. Interference also gave reductions
in positive pitching moments. The effect of a Reynolds number variastion
on the 1lift, drag, and pltching moment of the wing in the presence of
the body was generally small. In general, good predictions of the inter-
ference 1lifts and pitching moments on the body due to the wings and on
the wings due to the body were obtalned by the methods presented in NACA
RM A51J0L4 and NACA RM A52B06 even though some of the predictions for the
wing-body combinations and for the wings in the presence of the body were
somewhat high.

INTRODUCTION

In recent years considerable effort has been devoted to the study
of the beneficiel or detrimental effects of wing-body-tail interference
on various alrcraft and missile configuratlions at subsonic, transonic,
and supersonlc speeds., A compilation of much of the past work relating
to this subject can be found in reference 1. More recently, additional
work has been presented in reference 2 on the comparison between theo-
retical and experimental interference pressure filelds of a rectangular
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wing and body combingtion at supersonic speeds. The theoretical analysis
had been presented in an earlier report (ref. 3), and comparisons were
made of this analysis and other theoretical methods (listed in refs, 1
and 2). The theory of reference 3, in general, asgreed well with the
experimental results. Additional interference data have also been
obtained for a seriles of rectangular wing and body combinations at super-
sonic speeds (ref. h); in this investigation assessments were made of the
various theoretical methods for the prediction of inberference 1lift. The
results showed that the methods of reference 5 gave satlsfactory pre-
dictions of the lift of the wing in the presence of the body, the wing
due to the body, and the body due to the wing.

The present report ls part of a general program in the Langley
9-inch supersonic tumnel to determine the effects of triangular wing plan
forms on wing-body interference. The results presented herein were
obtained at a Mach number of-1.62, with emphasis upon 1ift and pitching-
moment lnterference, although drag-interference results ‘are included.

The investigabtion involved a series of seven flat-plate triangular wings
of varying size having beveled leading and trailing edges in combinstion
with one standard body of revolution having a fineness ratio of 10.27.

Four of the wings had helf-gpex angles of—30° with an exposed aspect
ratio of 2.3 whlle the remaining three had half-gpex angles of 45° with
an exposed aspect ratio of L.

SYMBOLS
o angle of attack of body
b total wing span
Cp wilng root chord
c mean aerodynemic chord
Cr, 1ift coefficient, Lift/gs
o) drag coefficient, Drag/qS
Cn pltching-moment coefficient about 50 percent mean aerodynamic
chord, Moment/qSE
CX longitudingl-force coefficient for exposed wing in presence

of body, X/aS
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CI(I.=':§L at Cr, =0

Cmq=-:.—acg- at Cp, =0

CDmin minimum drag coefficient

CLG' lift-curve slope based on maximum body Prontal ares
Cmq' pltching-moment-curve slope based on maximum body frontal
area and maximum body diasmeter
CDmin‘ minimum drag coefficient based on maximum body f:F'ontal area
da body diameter . —
D maximum body diemeter ) ' —
i angle of wing incidence
L total body length
M Mach number
n fineness ratio, L/D . L
lp forebody length from nose to Juncture of body and leading edge

of wing root chord
€ half-aspex angle of wing leading edge
q dynamic pressure, pVg/ 2

stream density

R Reynolds number, pVc/p

S exposed wing area

t maximum wing thickness . S,
v stream velocity
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X longitudinal force, positive rearward B
X longitudinal coordinate from nose of body .
v coefficient of viscosity -
A.C. aerodynemic-~center position relative to 50 percent mean |

aerodynsmic chord, positive forward

Configuration ldentification:

B body alone - L
W exposed wing alone _ .
WB wing and body in combination

w(B) wing in presence of body

Derived measurements:

bw) interference on body due to wing = WB -[?(B) + ﬁ]

w(b) interference on wing due to body = W(B) - W

APPARATUS AND TESTS

Tunnel

The Langley 9-inch supersonic tumnel is a closed~throat, single-
return, conbinuous-cperating tunnel in which the test section 1s spprox-
imately 9 inches square. Different test Mach numbers are achieved through
the use of interchangesble nozzle blocks. Eleven fine-mesh turbulence-
damping screens are instelled in the sebtling chamber ahead of the super-
sonic nozzle. The pressure, btemperature, and humidity can be controlled
during the tunnel operation. '

Models

The baslic models consisted of s body having & fineness ratio of 10.27
and & series of seven flat-plate trianguler wings of varying plan~form
scale ratios having beveled leading and trailing edges. Four of the wings
hed half-spex angles of 30° (exposed aspect ratio of 2.3) while the
remsining three had half-spex angles of 450 (exposed agpect ratio of L.
Table I gives the body coordinates and wing-shape parameters. A sketch

COMNRDENERY .
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of a typlcal triangular wing mounted on the body is shown in figure 1,
and s photogreph of all the models including the seven wings tested in
the presence of the body, the body, and the two wings tested alone (sting
mounted) is shown in figure 2.

An illustration showing how wings in the presence of the body are
interchanged is shown in figure 2 of reference 4., However, for some of
the wings of this investigation (wings i, 2, 3, 5, and 6 - see fig. 2),
slots had to be cub in the forward and rear center of the wings to fit
the body. These slots were cut such that a small gsp exlsted between
the wing and body, thereby insuring a free floating wing. The probsble
effect of the gap will be discussed in more detail in a lster section.

Balsnces

A strain-gage balence mounted inside the body was used to obtain
the 1ift, drag, and pitching moment of the wings in the presence of the
body. The housing containing this internal balance was closed off at
the model and sting bases to prevent any flow of air through the housing
at these points. For a detalled description of the balance, see
reference k.

The 1ift, drag, and pitching moment of the geven triangulsr wing
and body combinations, of the body alone, and of the two wings alone were
obtained by an externsl balance system. The various configurations were
sting-mounted to a system of self-balancing beam scales, A detailed
description of the installation of the test models and the elimination
of the tare forces may also be found in reference k.

Tests

Tests were conducted at & Mach number of 1.62. Measurements were
made of 1ift, drag, and pitching moment about the wing 50 percent mean
aserodynamic chord for the wings alone, body alone, wings in the presence
of the bodies, and the wing-body combinations. Reynolds mumbers of the

tests based on the wing mean serodynamic chord varied from 0.30 X lO6

to 2.10 x 100. (For a detailed 1ist of Reynolds numbers for the various
wings, see table II.) The angle of sttack of each configureation was
indicated on a scale, graduated in degrees, by means of s light beam
reflected from & small mirror mounted flush on the rear of the body and

on the sting in the case of the wing alone. The range of angle of attack

was approximately £6°,

Throughout the tests, the dewpoint in the tunnel was msintained at
a8 level where condensation effects would be negligible,

P -
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PRECISTON OF DATA

The precision of the various guesntlties involved in the testing is
listed in teble II. This extensive table results from the change in the
accuracies of the coefficients with wing configuration. It is under-
standable that for a given uncertainty of a particuler quantity, the
accuracy of the coefficient derived from this quantity would be a func-
tion of the S and ¢ values. At the lower Reynolds numbers the accu-~
racies of some of the measured quantities (see blanks in table IT) were
insufficient to obtain relisble interference quantities. This may be
attributed to the low loads on the model and 1ts components at the lower
Reynolds numbers and to the accuracy of the external balance system at
the time of these tests. The present tests were some of the first to
utilize the recently installed six-component externsl balance system;
consequently, the improved accuracy now spplicable to the system and
resulting from modifications to the balance subsequent to the tests of
this investigation was lacking. The estimated uncertainties in a given
quantity obtained from the straln-gesge balance (wing in the presence of
the body) were combined by the method which is based on the theory of
least squares outlined in reference 6. For the case where the precision
varies with the 1ift, the accuracy was determined at the approximate end
of linearity of the 1lift.

The sccuracy of the stream Mach nmuber represents a maximum ver-
iation gbout a mean Mach number throughout the test section.

PRESENTATION OF DATA

In figures 3 to 18, the merodyngmic charscteristics C;, Cp, Cy»

and Cp of the wings alone, body alone, wings and body in combination,
and wings in the presence of the body are presented as a function of
angle of attack. All the coefficlents are based on the exposed wing
ares of the particular configuration. Since the Reynolds numbers vary
both with the wings and with tunnel stagnation pressure, they (Reynolds
nunbers) are given in the figures.

The results that are presented for the wing in the presence of the
body and the wing-body combination were cbtalned using free floating
wings snd a gap of approximately 0.003 inch between the wing and body.
This gep size i1s believed to have had negligible effect on the aerody-
namic forces; this belief is based on the information presented in
reference 7. An examination was made of the gap effect on the verious
coefficients using wing 1 since it had the longest running gap length of
any of the wings. The values obtained for wing 1 from the curves of

CONNSRRNELLL,.
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reference T were of almost the same magnitude as those for a no-gap con-
Piguration (from ref. 7, also). Theoretical analysis of reference T
further shows that viscous effects play a very important paxrt in reducing
undesirable gap effects on confligurstions having very small gaps. Although
no experimental evidence 1s available in the present investigation or in
reference T, it is believed that the boundary layer between wing and body
completely encloses the gap to such an extent that any cross-flow effects
through the gap would, according to the criteria of reference T, be
negligible. o

DISCUSSION OF RESULTS
Wing Alone, General : - -

Lift-curve slopes, pitching-moment-curve slopes, and minimum drags
of the wings alone were obtained by testing one wing from each group of
wings having half-spex angles of 30° and h5 These two winge were
tested over a range of Reynolds numbers equivalent to that which would
be obtained if wings 1 to 7 were tested. Wings 2 and 6 were selected
since their scele factors were such that equivalent Reynolds numbers
could easily be obtalned within the limits of the tunnel operation. The
Reynolds numbers were obtailned by varying the tunnel stagnation pressure.
It is realized that the thickness ratios of wings 2 and 6 (wing slone,
table I) do not correspond to all of the thickness ratios of wings from 1
to 7 (see table I). Therefore, some of the minimum drags cannot be com-
pared directly even for equivalent Reynolds numbers. Corrective measures
were not made to the dsta with regard to the thickness-ratio effect; dis-
cussions concerning this will be presented in later sectlons. The lift,
drag, and pitching-moment coefflicients of wings 2 and 6 are presented in
figures 17 and 18, respectively, as functions of angle of attack for
various values of Reynolds numbers. Lift-curve slopes, pitehing-moment-
curve slopes, and minimum drags are shown in figure 19 for wings 2 and 6.
The coefficients corresponding to the Reynolds numbers of wings 1 to T
obtained from the faired curves of figure 19 are tabulated in table III.

Wing in the Presence of the Body,
Reynolds Number Effect

The effect of Reynolds number on the aerodynamic characteristics
for the wings in the presence of the body is shown in figure 20. It is
seen that, for the configurations investigated, the 1ift Increases with
increasing Reynolds number for any one wing. This small increase in
1ift is probably due to a decrease in separation at the wing trailing
edge and body Juncture in going from a low to a high Reynolds nunber.

It is further seen that as the Reynolds number is increased, the pitching
moment decreases slightly for any one wing. This could also indicate a
decreasing region of separation with increasing Reynolds number, and in
turn cause a slight rearward shift of the aerodynamic center. It is, of
course, realized that this slight decrease of pitching moment may not be
too significant (particularly for e = 30°) since for some wings this
decrease is of the order of the accurdCy of the measurements.



8 U, NACA RM L55B25

Figure 20 also shows & smell Increase in drag for any one wing due
to increasing Reynolds number for most of the wings in the presence of
the body. This increase in drag 1s sppsrently due to an increase in
skin friction since the Reynolds numbers of these wings are probebly in
the transitional reglon between the laminar and turbulent boundary layer.
It is further seen from figure 20, that the smaller wings generally have
higher drag coefficients than the larger wings. This 1s, at least in
part, due to the increase in wave drag that results from increasing
thickness ratioc with decreasing wing size (see table I and figure 2).

A substantiation of thls was made by using an spproximstion involving

rgtios of (t/62> for the wings.

Baslc Quantities for Inmterference Evelustion

Flgures 21 and 22 show, for conflgurations involving wings having
€ =30° and € = 450, respectively, the variation of lift~curve slope,
pltching-moment-curve slope, and minimum drag values with ratios of b/D
for the wing and body in combination WB, wing in the presence of the
body W(B), body alone B, and the wing alone W. In these same figures,
comparisons are made between experiment and theory of same of the con-
figurations and coefficients. The experimental guantitles are taken
directly from the curves in figures 3 to 19. The coefficients of the
wings and body alone are based on the exposed wing ares and are presented
as Tunctions of b/D for conslstence purposes and for the convenlence of
comparison with the remaining configurations. o

W.~ The theoretical lifts for the wings alone were cbtained from
reference 8, Brown's theory was used for the subsonic-~leading-edge wing
(e = 30° shown in fig. 21) and Ackeret's result was used for the
supersonic-leading-edge wing (& = 45° ghown in fig. 22). The theoretical
values, while somewhat higher than those obtained experimentally, are,
nevertheless, in falr agreement with the experimentel values.

Since linear theory predicts the center of pressure at the centroid
of the srea or 50 percent mean aerodynsmic chord, the ‘theoretlcal pitching
nmoment is zero for this investigatiom. :

B.~ The theoretical 1lifts and piltching moments for the body alone
were obtained from the theory presented in reference 9. As seen from the
figures, this theory agrees satisfactorily with the experimental results.

WSB}.- The methods for predicting the lifts and pltching moments of
the wings in the presence of the body are found in references 5 and 10.
As seen from figures 21 and 22, the sgreement of the methods with the
experimental results is falr for the lifts and good for the pitching
moments. Since the method for cbtaining the force on the wing in the
presence of the body 1ls calculated as a percentage of the force on the

GONRIRINTTAT,
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wing alone, better agreement could be expected if the predictions of the
wing-alone forces were improved., In engineering spplications if experi-
mental wing~slone results were avallable these should be used in deter-
mining the forces and moments of the wing in the presence of the body.

The minimum drag coefficients for a1l the wings in the presence of
the body, shown in figures 21 and 22, do not teke into account the effects
due to the different thickness ratio. If these effects were considered,
it 1s probgble that the trend of drags would parallel that for the wings
alone in going from a low to a high 'b/D. It is obvious then that the
interference drag on the wing due to the body would also be affected.

WB.~ The comparisons between the experimental 1ifts and pitching A
moments for the wing-body combinstions and the methods presented in ref- S
erences 5 and 10 are in better agreement than are similar comparisons
for the wings in the presence of the body. As seen in figures 21 and 22
the differences between the experimental snd the predicted 1lifts for the
wings in the presence of the body are slightly lerger than are those for
the wing and body combinations. The calculsted forces and moments for
the wing-body combinstions were obtained in the same manner as were those

‘Por the wings in the presence of the body, namely, a percentage of the

forces on the wing salone.

Interference Quantities

General.- The interference on the body due to the wing i1s obtained
by subtracting the forces on the wing in the presence of the body and
body alone from that of the wing-body combinstion; that is,

b(w) = WB -[W(ZB) + B] . Tn like manner, the interference on the wing due

to the body is the difference between the forces on the wing in the
presence of the body and on the wing alone in free stream; that is,
w(p) = Ww(B) - W. -

A sumation of the interference quantities for the body due to the
wing b(w) and the wing due to the body w(b) 1s presented as s function
of b/D in figure 23 and cr/D in figure 24 for the series of the wing

and body combinstions. In figures 23(a) and 23(b), the values are based
on.the exposed wing ares since the methods of references 5 and 10 for the
predictions of the interference quantities base the coefficients on the
area of the exposed wing., In figures 23(c) and 23(d) and figures 24(a)
and 24(b), the values are based on the maximum body frontal erea and mex-
imum body diemeter. If differences between the interference forces on the
body due to the wing are to be explained for the varlous wing-body combi-
nations, it is understandable that erroneous conclusions could be made
concerning some of the quantities with the coefficiente based on the
exposed wing area. For this reason, discussions concerning the effects

L ——— .
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between the various wing-body combinations will be confined to coef-
ficients based on maximum body frontal ares and meximum body diameter
for the case of the body due to the wing and on exposed wing aresa for
the case of the wing due to the body. ' '

Lift, b(w).- A comparison between the experimentsl 1ift on the
body due to the wing with the.theoretical method 1s shown in figure 23(&)._
The sgreement is good considering that the prediction of ‘the absolute
values for the W, W(B), and WB were somewhat high. As seen from this
figure, the lift decreases with increasing b/D or exposed wing area;
however, when the velues are based on & common area (see figs. 23(c)
and 24(a)), the interference lift increases with increasing wing size
as would be expected., From figure 25, the interference 1ift on the
body due to the wing is seen to be predominately that which carries over
from the wing to the body between the Mach helices emsnating from the
leading- and tralling-edge root-chord junction. Figure 25 glsc indicates
that with decreasing wing scale, the area upon which this interference
lift acts decreases, resulting in less interference 1lift. From
figure 2&(&), the 1ift on the body due to the wing for any given c,/D

is lees for configurations with wings having € = 30° +than for those
having € = 45°, This is epparently due to the fact that the higher
1ift for the supersonic-leading-edge wing (as compeared with that for
the subsonic-leading-edge wing) carries over onto the body.

In addition to this positive carryover 1lift, an induced negative
1lift, created by the vortex action of the wing, acts on the afterbody.
Since there were no definite results in the present lnvestigation pointing
to this induced negative 1lift, it 1s probable that this 1lift represents
a small percentage of the total interference. This was also found to be
the condition that existed for the rechbangular wings in reference 4.

It is of interest to point out the divergence of the lifts in
figure 24(a) for configurations with wings having € = 30° and 45° in
going fram a high to a low cr/D. The exact csuse of thls divergence is

unknown; however, 1t might be due to vorticity effects and upwash effects
on the wings from the noncylindrical portions of the body.

Pitching moment, b(w).- Figure 23(a) shows that the agreement
between the experimental and theoretical pitching moment for the body
due to the wing is good at the high values of b/D but poor at the low
values of b/D. Some of this poor agreement at the low values of b/D
may be due to the low accuracy of the experimentel measurements for the
smaller wings. (See, for example, wing L in table ITI.)

With reference to the sketches in figure 25, the wing-root 1lift
carryover onto the body acts behind the center of gravity so that a
negative pitching moment is obtained. This 1s shown experimentelly in

_ oI
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figures 23 and 24, It is further seen that more negstive pltching moment
is obtained with decreasing wing size with the exception of the two
smallest wings. In these cases, the moments become less negstive than
that established by the trends of the other wings. This 1s because the
coefficients are based on the maximum body diameter which is larger than
the mean serodynamic chords of the two wings.

Aerodynsmic center, b(w).~ As seen in figure 23(a), the theoretical
aerodynamic centers are in good agreement with the experimentel results
at high vealues of ’b/‘D and in poor agreement at low values of b/D. The
variation of the saerodynamic centers with b/D shows that for config-
urations having € = 45° wings » bthe lnterference 1ift center is farther
rearward slong the body than for € = 30° configurations. If the asero-
dynamic centers were shown as functions of cr/D values, the reverse

would be true.

Drag, bgw) «= When the coefficlents are based on the exposed wing
area the varistion of the interference drag on the body due to the wing
decreases with increasing b/D as shown in flgure 23(&) « However, when
the coefficients are based on the maximum body frontal area, the variation
with b/D or cr/D (figs. 23(c) and 24(a)) is very neasrly constant.

This again indicates why care should be teken in declding upon what areas
the coefficients are to be based since erroneous conclusions could result.
An spproximstion was made of the skin friction on the body with and with-
out a wing by the procedure used in reference 4. First, it was assumed
that the boundary lsyer was laminar on the body alone at the Reynolds num-~
ber of this investigation. Also, it was assumed that the wave drag was
constant regardless of the type of boundary layer, and that for the wing~
body combination the boundary layer chsnged from laminar to turbulent on
the body at the intersection of the Mach helices emasnating from the

leading~edge root-chord Junctures., The results of thls spproximation for -

the increase in body drag due to increasse in skin friction indicated thaet
the Interference effects of the wing upon the minimm body drag are pre-
dominately skin-friction effects.

Lifg, wfb).- Figure 23(b) shows thaet good agreement is obtained
between the experimentel 1ift on the wing due to the body and theory even
though the prediction of the ebsolute values for the W and W(B) were
somevwhat high. With the coefficlents based on the exposed wing area
(fig. 23(v)), it is seen that higher 1ift coefficlents are obtained on
the smaller wings. In all probability this i1s due to the fact that more
of the area of the smaller wings 1s in the stronger upwash field of the
body compared with that for the lerger wings. It is further seen that 3
for any given b/D, the interference lift coefficient is greater for
the € = 45° configuration than for the € = 30° case. Of course » when
the coefficients are based on the maximum body frontal asrea (figs. 23(d)
and 24(b)), more positive 1lift coefficients are obtained from the larger
wings. -

GO
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Pitching moment, w(b).- With consideration of the accuracy, the
interference pitching moment of-the wing due to the body, for all prac-
tical purposes, is negligible for configurations involving wings 3, 4, 6,
and 7 as shown by figures 23(b), 23(d), and 24(b). For configurations
involving wings 1, 2, and 5 a small negative moment is obtained. The
causes and effects of these small negative moments will be discussed in
more detall in the sectlion dealing with the percentage contributions of
the baslc and interference quantities to the camplete configuratiom.

Aerodynsmic center, w(b).- The interference aerodynamic centers
shown in figure 23(b) follow the same trends as the pltching moments.
The location of the interference aserodynamic centers may be explsined by
the conditions that for wings 1, 2, and 5 the interference lift cenber
is slightly rearward of the centrold of the wing areas (resulting in a
negative piltching moment), whereas for wings 3, 4, 6, and 7 the inter-
ference lift center is very nearly coincident with the centroid of the
wing areas or the 50 percent mean aerodynamic chord.

Drag, w(b).- The interference drags on the wings due to the body
are shown in figures 23(b), 23(d), and 24(b). However, as was mentioned
previously, the effect of wing thickness ratio (which was not taken into
account in the analysis) would slter the variation of these drags. From
estimations made to account for this thickness-ratio effect, the inter-
ference drags of figure 23(b) would be changed to give a more positive
slope in going from low to high values of b[D. In any case, most of
the drag is gpparently due to skin-friction effects.

Contributions of the Basic and Interference Quantities

In order to assess the relative effects of each quantity on the
complete configuration, each of the basic and interference quentities
of 1ift, pitching moment, and drag are shown in figure 26 as a function
of -the total 1ift, pltching moment, and drag of the complete configuration.
Figure 26(a) presents the fractional breakdown of the various elements for
the configurations involving the wings of € = 30°; whereas figure 26(Db),
the configurations involving the wings of € = 45°, It is seen from this
figure that the interference 1ift on the w(b) and b(w) 1s very bene-
ficlal for the configurations involving wings of - € = 30° or 45°. Between
a 2l-percent and 38-percent increase in 1ift can be realized, because of
interference, over that which could be cobtalned by simply adding the 1lifts
of the wing alone and the body alone. It is further seen, that within a
few percent, the percentage interference 1ift contribution on the b(w)
and w(b) for the € = 30° and 45° configurations is very nearly constant.

The pitching-moment contribution of the varlous 1ift quantities for

all the wing-body cambinations illustrates clearly that the 1ift on
the b(w) acts behind the centroid of the wing areas and that the moment

CoNSEDENGLAL...,
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is generally more negative with decreasing ratios of 'b/D. Between &
l13-percent and a 33-percent reduction In positive pitching moment is
realized because of Interference over that which could be obtalned by
summing the piltching moments of the wing alone and of the body alone,
Both the wing alone and wing in the presence of the body contribute s
positive moment, showing that the aerodynemic center is ahead of the
centroid of the wing area. The body moment contribution is by far the
largest positive moment since its aerodynamic center is in the region
of the nose of the body. As was mentioned earlier in connection with
figure 23(b) s negative interference moments on the w(b) were cbtained
from configurations involving wings 1, 2, and 5 with b/D ratios of 5.60,
4,58, and T.41, respectively (also shown in fig. 26). As seen from
figure 25, there sppears to be an association of these negative inter-
ference moments with the Mach lines emansting from the Jjunctures of the
wing leading edge and the body in that when these Mach lines cross the
wing trailling edges these negative interference moments occur, For all
practical purposes, no interference moments occur when these Mach lines
do not cross the trailing edges. A possible explanstion of the negative
interference moments may lie in the interference 1lifting pressures at
the jimcture of the wing leading edge and the body cerrying over the
body along the rey (or Mach line in fig. 25) and trossing the wing
trailing edge. This would result in & region of higher lifting pressures
than would occur for the wing alone.

The fractionsl breskdown of the various drag quantities 1s somewhat
as would be expected. That is, the low b/D wings alone contribute &
smgller percentage of drag to the total than do the large D /D wings
alone; whereas, the drag contribution of the body is the reverse. The
drags for the w(b) are presented as obtained from the tests wilith no
corrections due ‘to thickness ratio.

CONCLUSIONS

An investigation was made of the interference effects on & series
of seven flat-plate triangular wings of varying scale in combination
with a body having a fineness ratio of 10.27. Four of the wings had
helf-apex angles of 30° while the remsining three had half-spex angles
of 459, Basic measurements of 1ift, drag, and pitching mcoment were
obtained for the wing-body combinations, wing in presence of the body,
wing alone, and body alone at a Mach number of 1.62. Interference 1ifts,
drags, and piltching moments were obtained from the basic measurements.
The results indicate that: '

1. Interference gave between a 2l-percent and 38-percent increase
in 1ift over that which would be obtained by summing the lifts of the
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wing alone and of the body alone. This was accompanied by an increase
in dreg due to skin friction. TFor some configurations, a negatlve inter-
ference mament was cobtailned on the wing due to the body.

2. The method presented in NACA RM A51J0L4 gave good predictions of
the interference lifts on the body due to the wing and on the wing due
to the body for all configurations even though the 1ift predictions for
the wing-body combinations and for the wings in the presence of the body
were somewhat high.

3. Interference gave between a l3-percent and a 33~percent reduction
in positive pitching moment from that which would be cbtained by summing
the pltching moments of ‘the wing slone and of the body alone.

4, The prediction of the interference pitching moments on the bady
due to the wings using the method in NACA EM A52B06 was in good agreement
at the higher ratios of wing span to body dlameter 'b/D and poor at the
low b/D ratios. The experimewntal pitching moments of the wing in the
presence of the body and wing-body comblinatlons were also ln good agree-
ment with the above method.

5. The theoretical 1ift and pitching moment of the body alone pre-
sented 1n NACA RM ASQLOT agreed well wlth the experlmental results.

6. Only fair agreement was obtained between the experimental 1ift
of the wings alone and that predicted by lineasr theory. Since the theo-
retical 1lifts of the wings in the presence of the body and the wing-body
combinations are functions of the wing-alone values, it is understandable
that the asgreement between experiment and theory for these two basilc
quantities is also only fair.

7. Within the limits of this investigation, the effect of varying
Reynolds nunber upon the lifts, drags, and pitching moments for the wings
in the presence of the body was generslly small.

8. The interference drsgs on the body due to the wings were a large
percentage of the total wing~body drags, whereas the interference drags
on the wings due to the body were relatively small percentages of the
totel drags. These interference drags were probebly due to changes in
skinefriction drags.

Langley Aeronsutical Laborstory,
Netional Advisory Committee for Aeronautilcs,
Langley Field, Va., February 15, 1955.
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TABLE 1

BODY COORDINATES AND WING-BHAPE PARAMETERS

[Bee £1g. 1]
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£

Flat-plate triangular wings
Type 5 ey b e i t i
[

Designation | g0 [ b/D cr/D | g9 in. :Ln: in, | in. dég in. in: /e

L 30 [5.60 | 4,188 | 7.131 | 3.63%] k.o1h | 2,523 | 0.2k (0,049 2.850 | 0.0202

.2 30 [4.58] 3390 | b.311 | 2.795| 4.022 |1.863 | .01 | .0k0| 3.h57| .0215

Wing in 3 30 |3.62]2.257| 2.27h | 1.977] 3.179 |1.318 | ~.12 | (031| L2753 | .0235
pressnce i 30 |2,63|1.b24] 900 [1.248] 2.312 | .832 |-.55 | .020]| k.6Bs | .o2ko
of body 5 s | 7.4 | 3.213 ] 7.94%7 | 2.8105] 6,497 [1.876 | -.01 | .051| 3.691 | .0272
6 ks |5.691( 2,338 | 4.209 | 2.048] k991 [1.365 | -.06 | .0h2| k203 | .0308

T b5 |3.62 | 1.325 | L.30 | 1261 3277+ LT | -.35 | L0227 B.T79 | LO3k9

Wing e 30 || == | 428l | 2.789 3.070 1.859 |—-— | 01| ——-- 0221
alona 6 5 | ;e | e | Bo2h2 | 20045 | 1055 [ 1,362 | ——— | JOB2] <omem 0708

8583 2Bus0 &9

éaaééct W VOVN



TARLE T

Accuracy ot | 4 ot | - of
Aeowraey wt Op = O Acomraey ot Cp = 0 |approcimate and for s for Inanmuracias for Imeccurecies fox
ter ¥B, B, ¥ for W(B) nffmiiv m,f B, W :JWI(IB) B(w) w(b)
o |G |G | O ° 1 & [ G | % | % | %% | O | O | % [y | O, | % | Cwa
0,95 x 106 40,000k 40,0002, |40, 0006 10,0002 40,0003 |£0,0001
3,10 40,0001 |40, 000% |40, 0001 | &,0002 #,0000. | %, 0003 | %,0000 |0, 0001 40,0002 | +,000L | +.000% h0,0002 [£0, 0003 |40.0002 1£0.000L [+0.0004 |&0. 0000,
L +,0007 %,0002] +,0010 | +,0005 %,0005 | +,0002
.62 %, 0002 | %, 0000| *.0001] %.0003 #0000, | %,000% | £,0002| +,0001| +,0005 | +,0002 | +,000L( £,0002| +,0007| .0002| &.0002| £.000%{ +.0001
30 £,0003 #0004 | £,0019 | £.,000% £,0009 | 4.,0006
1,46 +£.0003] +,0020]| £.0002| +.0004 #.000L| +.0006 | #.0008{ +.000L | +,0000| %.0003 | +.0002( &,0005| +.000%| +.0003 | £.0003| £,0005| +.0002
+30 +.003% +,0012] &,0050 | +,0055 +.0089 | +.0027
.92 +,0008( +.0082 +.0005| ¥.0001 #,0004| &.0016 | &,0007 #.000% | +,0041 | #,0000 | #.0008) +.0010| +,0058| +.0006| +.0008; *,0011| *,000%
a8 %, 0004 2,000 | *.0005 | .0003 +,0002] +.0000
L.61 +,000L| +.0005) *.000L| +,0002 +,000L| +.0002 | £.0000.| #.000L| #.,0002| #0001 | +.0000| +.0002| #.0005| +.0002 | +.0001| %.0005] .c000
50 £, 0007 +,0002] ,0010 | +.0007 +.0005 } +.0003 .
117 #,0008| £,0004 #,0000| +,0005 +,0000L| &, 0008 | ,0003 | +,006L| #0007 | £.0002] %.000L| %.0002| %.0000{ +,0002 | #,0002| +,0007] &.0000
30 +,0082 ,0008| +,005¢ | +,0039 £,0016| +.0019
.68 +.0007] +.0079| *.000%| +,0010 40003 | +.001% | +,0007| £.0005 | £,003)| +,0007| %.0003! +.0008| +,0055{ +.0003 | +,0007| +,0012| £.0004
Initial | Belstive | Incidence Reynalis
Couttgmrstion | avele of | angls of | anele of | Mesh | maber Gtroom
cttnck | atteck Wings |0miber [ per rensuy
inch
ALl 20,05° | 20,00° | 20.05° | 0,00 | 12,000 | £1.5 pereent

e
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TARTE LIiI

BUMMARY OF LIFT-CURVE AND PTTCHING-MOMENT-CURVE SLOPES, AND MINTMIM

TRAG VAIUES AT ZFRO LIFT FROM FIGURES 3 T0 19

%Data obtelnsd st equivalent Reynolds mumbara.

Wing-body Wing in presence
combd:awgbion, Ofw't(:]oady, Wiog, W Body, B
THng R ) {e)
%y | %tg [ %Dmta | %y | O | %Ban | e | % | %Bmin | % | Omy | OB
0.95 x 106 0.0841 | 0.0009 | 0.0079
2.10 0.0578 | 0,0054 { 0,0205 | .o467 | .0008 | . 0.0%06 | 0,0017 | 0,0085 | 0.0016 | 0.0055 | 0.0063
.TL L0439 | L0013 | L0078
1.62 L0617 | .0103 | L0257 01|169 L0010 | L0086 | L0403 | 0018 | .0OTL | .0027| .0120 | .010%
|
.50 .ofrrs 000 | .o0%0
L.h6 <0701 0290 .0h80 0892 | ,0020 0103 .0k02 0020 L0067 .00%1, 0353 .0228
<30 053 | L0039 | 0090
92 0852 | 159 | W0 | Jo5ko | L0032 | Lom0 | L0395 | L0025 | L0052 | 0020 | L1598 | L0576
.TL L0501 | L0032 | L0115 .
1.61 0624 ,0081, L0012 L0538 .0018 0126 0483 .0028 .0130 «0015 0066 .00_56
.50 L0528 | .o0hlL | L0126
1.17 D695 | .oam9 | L0340 | L0563 | o027 | .onhk | .obl2 | .o025 | .on22 | 0029 | .0180 | .O109
30 L0966 | 003k | 0162
.68 0077 | L0856 | L0620 | L0802 | 0025 | 0055 | 04O __.0050_ 0106 { L0089 | L0963 | .03%0

8T

GeEGOT W YOWVN



-y

=
&
C, .
£
o
[ . || b |
Sting
€
d - —
3 J, D | .
T ! =
| |
|y —
LA _—
Gap enlarged for illustrative _* Windshield
purposes only

Section A-A enlarged
(All wings)

Figure l.- Sketch of a triangular wing mounted on an n = 10.27 body.
Body coordinstes and wing-shape parameters are listed in table I.
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Figure 2.- Photograph of the models tested.
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. Figure 3.- Aerodynemic characteristics of the wing and body combination

for trianguler wing 1 (e = 300) and the body alone. (Body-alone results
are based on exposed area of triangulsr wing l.) Flagged symbols denote
- check values.
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Figure 4.~ Aerodynamic characteristics of the wing in the presence of the
body for triangular wing 1 (e = 30°). Flagged symbols denote check
values.
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Figure 5.- Aerodynamic characteristics of the wing and body ccmbination

for triangulsr wing 2 (e = 30°) and the body alone.

Body-alone results

are based on exposed area of triangular wing 2.) Flagged symbols denote
check values.
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Figure 6.- Aerocdynemic characteristics of the wing in the presence of the
body for triengular wing 2 (e = 500). Flagged symbols denote check
values.
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Figure 7.- Aerodynamic characteristics of the wing and body cambination
for triangular wing 3 (e = 30°) and the body alone. (Body-alone
results are based on exposed area of triangular wing 3.) Flagged
symbols denote check values.
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Figure 8.~ Aerodynemic characteristics of the-wing in the presence of
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Figure 9.- Aerodynamic characteristics of the wing and body combinstion
for triangular wing 4 (e = 30°) and the body alone. (Body-aslone
results are based on exposed srea of triangular wing 4.) Flagged
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Figure 10.- Aerodynamic characterlstics of the wing in the presence of
the body for triangular wing 4 (e = 30°).
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Figure 1l.- Aerodynamic characteristics of the wing and body combination
for triangular wing 5 (€ = 45°) and the body alone. (Body-alone
results are based on exposed area of triangular wing 5.) Flagged
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Figure 12.~ Aerodynamic characteristics of the wing in the presence of

the body for triangular wing 5 (e = 459). Flagged symbols denote
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Figure 15.~ Aerodynamic characteristics of the wing and body combination
for trianguler wing 6 (e = 45°) and the body alone. (Body-alone
results are based on exposed area of triangular wing 6.) Flagged
symbole denote check values.
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Figure 15.- Aerodynamic characteristics of the wing and body combination
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Figure 17.- Aerodynamic characteristics of triangular wing 2 (e = 30°)
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Flgure 21.~ Compsrison between the experimental and theoretical aerodynamic characteristics
of WB, WéB), W, and B for an n = 10.27 body and a series of ¢ = 30° triangular wings
at M= 1l.62. Wing-alone values ere obtalned at equivalent Reynolds numbers.
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Figure 22.~ Comparison between the experimental and theoretical aerodynamic cheracteristics
of WB, W(B), W, and B for an n = 10.27 body and a series of e = 45° triangular wings
at M= 1.62. Wing-alone values are obtained at equivalent Reynolds numbers.
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Figure 22.- Concluded.
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Figure 23.- Interference quantities as & function of b/D
for b(w) and w(b).



=

(@] € =30°
0 €=45°
2 08 5
o) c' o) =
y 08 Ly 0% 5
L = al
[+
04 = o
0 02
¢! ' 0
0] my O
[0
r
(.J"‘a -02 -02
' [ra}
-04 o 04
! o 2] o) OE]
A Dmin 0
r
GI-"min -
0 5 0 a5 3
5 B

(c) bv(w). Based on maximm body (d) w(b). Based on maximm body
frontal area and maximm body frootal area and maximum body
diameter. diemeter.

Figure 23.- Concluded.
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Fligure 2.~ Interference quantities as a function of cp/D for b(w)
end w(b). Based on maximum body frontal area and maximm body
diameter,
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Figure 25.~ Approximate locatlon of nose shocks and Mach lines on the
series of triangular wing and body combinations at M = 1.62.
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Pigure 26.- Incremental and imberference quantities.
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